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Abstract. In this paper we analyze the influence of intra-
cell traffic in a GSM cell on the base station output power. 
It is proved that intra-cell traffic increases this power. If 
offered traffic is small, the increase of output power is 
equal to the part of intra-cell traffic. When the offered 
traffic and, as the result, call loss increase, the increase of 
output power becomes less. The results of calculation are 
verified by the computer simulation of traffic process in the 
GSM cell. The calculation and the simulation consider the 
uniform distribution of mobile users in the cell, but the 
conclusions are of a general nature. 
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1. Introduction 
Power saving is very important demand today. This 
fact is also obvious in telecommunication services, i.e. in 
mobile telecommunications [1]-[6]. In this area efforts are 
directed to adjust power consumption to the telecommuni-
cation requirements, i.e. to the traffic [6]. The program of 
power saving in mobile networks is called GREEN Radio 
(Globally Resource-optimized and Energy-Efficient Net-
works). This program has several directions, but for this 
paper the most important is the one, often called TANGO 
(Traffic-Aware Network planning and Green Operation) 
[7] which concerns the characteristics of telecommunica-
tion traffic to save power. This direction is based in the fact 
that power consumption is proportional to traffic. In this 
paper we shall prove that this proportionality is not always 
strictly fulfilled. 
GSM networks can be divided on the networks with 
power control (PC) and on the networks without power 
control (WPC). In the networks with PC power saving is 
achieved, because the energy of active channels is adjusted 
according to the needs of the connection. It is important to 
mention that in both types of networks, the power of all 
channels on the first carrier (frequency, or BCCH carrier) 
is not adjusted. All channels always have maximum power 
on this first carrier. 
Besides external (outgoing and incoming) traffic, 
considerable component of traffic between the users from 
the same cell, i.e. intra-cell traffic, can also exist in one cell 
of mobile network. The general characteristic of intra-cell 
traffic is that it uses more traffic resources than outgoing 
and incoming traffic. The influence of intra-cell traffic on 
the output power of one base station is calculated in this 
paper. Intra-cell traffic is briefly described in Section 2. In 
this section, other references concerning intra-cell traffic in 
mobile networks are also presented. The method for cal-
culating the mean output power of one GSM traffic chan-
nel is presented in Section 3. The base station mean output 
power, when mixed intra-cell, outgoing and incoming 
traffic exists in the cell, is calculated in Section 4. How 
calculated results are verified by simulation is presented in 
Section 5. Numerical examples are presented in Section 6.  
2. Intra-cell Traffic 
Let us consider one cell in GSM network of mobile 
users with Nt traffic channels with PC. It is supposed that 
output power on these channels is adjusted according to the 
distance between the mobile station (MS) and the base 
station (BTS). The changes of this distance caused by MS 
moving are neglected. For outgoing and incoming connec-
tions one traffic channel is used. The offered traffic, which 
requests one radio channel in the cell, is the sum of outgo-
ing and incoming offered traffic, and it will be called ex-
ternal traffic and designated as Ae. The offered traffic, 
which requests two channels for connection realization 
between the users, who belong to the same cell, is called 
intra-cell or internal traffic and is designated as Ai, as in 
[8]. Intra-cell traffic is especially present in the cells situ-
ated in rural areas and in the cells which cover greater 
companies. (Intra-cell traffic is also called intrasite, [9], 
intraBTS, [10], or internal [11] in literature).  
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The effect of intra-cell traffic is not often analyzed in 
the literature. Especially the literature that considers the 
influence of intra-cell traffic on the output BTS power in 
public mobile networks is missing. The calculation of one 
private network of mobile users with intra-cell traffic is 
presented in [9]. The characteristic of this private network 
is that it is the network with call waiting, if no free traffic 
channel is found, while the public mobile network, ana-
lyzed in this paper, is with call loss. But, [9] analyzes only 
traffic characteristics in the mentioned private network, not 
the necessary BTS output power, which is analyzed in this 
paper. One specific rural network, where intra-cell traffic is 
dominant, is analyzed in [10]. This paper demonstrates the 
importance of intra-cell traffic in rural areas. But, it tells 
nothing about the loss from the aspect of telephone traffic, 
and the data about the maximum power on the radio front 
end of the system presented in [10] is not analyzed consid-
ering the part of intra-cell traffic. Approximate calculation 
of resources in the network of mobile users, where the 
intra-cell part of connections cannot be neglected, is pre-
sented in [11]. But, as it is proved in [8], the calculation 
method presented in [11] gives worse results (i.e. smaller 
loss) than it is in reality. The results of traffic analysis and 
BTS output power calculation in this paper are based on 
the results presented in [8]. 
The results of output power measurements for similar 
base stations WPC in rural and urban areas of public mo-
bile network are presented in [12]. The results presented in 
[12] seem to be the nearest to the subject of this paper. It is 
the dependence of BTS output power on intra-cell traffic in 
public mobile network. Unfortunately, intra-cell traffic is 
not mentioned in [12]. We suppose that difference of BTS 
power in rural and urban areas is caused by intra-cell traf-
fic. Indirect proof of this assumption is the authors’ indica-
tion in [12] that BTS power is obtained indirectly by meas-
uring the traffic, i.e. the number of busy channels. Detailed 
analysis of the system with mixed external and intra-cell 
traffic is presented in [8]. 
The probability that in one group of Nt traffic chan-
nels there exist i intra-cell and e external connections is 
p(i,e,Ai,Ae,Nt). It is pointed out in [8] that one model from 
classic telephone technics, [13], can be used for the calcu-
lation of this probability: 
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All traffic parameters can be calculated on the base of 
this probability: the probability that k external connections 
exist, pe(k,Ai,Ae,Nt), the probability that k intra-cell connec-
tions exist, pi(k,Ai,Ae,Nt), the probability of external call 
loss, Be, the probability of intra-cell call loss, Bi, the mean 
probability of call loss in the group with mixed (intra-cell 
and external) traffic, Bie. It is proved in [8] that call loss is 
increased under the influence of intra-cell traffic compo-
nent comparing to the pure external traffic. That’s why 
Erlang model or model proposed in [11] gives underesti-
mated results for loss calculation when mixed traffic is 
applied. 
3. Output Power 
Let us consider one cell in the GSM mobile network, 
with PC, where it can be supposed that one traffic channel 
is necessary for each connection. In order to save energy, 
the output power of each of Nt traffic channels in BTS is 
adjusted according to the distance between MS and BTS, 
and according to the signal attenuation in the cell. The 
output power of BTS depends on the distribution of users’ 
density in the cell, and on the number of simultaneous 
connections, i.e. on the total served traffic. Let us suppose 
that the cell forms a circle of radius R and that output 
power of one channel, w, depends on the distance between 
MS and BTS, d:  
 ( )w g d a d     (2) 
where the value of γ is from 2 to 5, [14], a is the coefficient 
of proportionality (in W/kmγ), and where wmax = a·Rγ. In 
fact, equation (2) is the approximation of the equation 
w=b+a·Rγ where b is the channel power, which is sent to 
mobile users in the vicinity of base station. As the power b 
is very small, we neglect it in relation to the total power. 
Let us consider the simplest case of uniform MS dis-
tribution in the cell. For this case the probability density 
function (PDF) and the cumulative distribution function 
(CDF) of one channel output power is calculated in [15]. It 
is proved that mean output power of one channel is 
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It is, further, proved in [15] that mean output power 
of BTS, wBm, if there is no intra-cell traffic, equals 
 (1 )Bm m mw A B Y        (4) 
where ωm = wm/8 is the mean one channel output power, 
which contributes to the total output BTS power, B is the 
loss probability due to the lack of free channels, Y is the 
served traffic, i.e. the mean number of busy channels. 
4. Influence of Intra-cell Traffic on the 
Output Power 
In the model, where equation (4) is valid, each 
connection uses one channel, i.e. mean number of 
connections (served traffic) is equal to the mean number of 
busy channels. 
In the model, where intra-cell traffic is not negligible, 
equation (4) is not valid. In this case, the mean number of 
busy channels is equal to the mean number of external 
connections increased by twice the mean number of intra-
cell connections. 
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The mean number of internal connections in the 
model with intra-cell component of traffic, i.e. the served 
intra-cell traffic, Yi, is in this case 
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where T[Nt/2] = Nt/2 if Nt is even number, and 
T[Nt/2] = (Nt – 1)/2 if Nt is odd number. The probability 
that there are k intra-cell connections, pi(k,Ai,Ae,Nt), is: 
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The mean number of external connections in the 
model with intra-cell traffic, i.e. the served external traffic, 
Ye, is 
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where pe(k,Ai,Ae,Nt) is the probability that there are k 
external connections 
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It is obvious that the mean number of busy channels, 
nm, is: 
 2m e in Y Y   . (9) 
Now, when intra-cell traffic exists, the mean output 
power of BTS, wBmi, is: 
 ( 2 )Bmi m m m e iw n Y Y       . (10) 
It can be concluded that, when intra-cell traffic exists, 
Ai > 0, output power is greater than the output power, cal-
culated by (4): 
 Bmi Bm mw w Y   . (11) 
The relation between the mean BTS output power 
when intra-cell traffic exists and when it does not exist is: 
 2Bmi e i
Bm
w Y Y
w Y
  . (12) 
The percent of the increase of BTS output power, 
caused by the intra-cell traffic, can be defined as: 
 100 Bmi Bm
Bm
w w
w
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It is important to give the remark on the estimation of 
output power of channel group in one base station, where 
intra-cell traffic cannot be neglected, if the approximate 
method presented in [11] is used for calculating the neces-
sary number of channels. As it is presented in [8], the loss 
calculation gives the smaller values of loss, giving the 
greater values of served traffic than the real one. Therefore 
the estimated output power is greater than it is real.  
5. The Verification of Calculated 
Results by Simulation 
The calculated results are verified by computer simu-
lation. In the simulation we considered GSM cell with Nt 
traffic channels, where output power is adjusted according 
to the distance MS-BTS (cell with PC). The offered exter-
nal traffic, which includes both outgoing and incoming 
traffic, is Ae. The offered intra-cell traffic is Ai. The total 
offered traffic is A=Ae+Ai. 
The simulation program is based on the well-known 
program for simulation of telephone traffic and serving, 
called roulette or Monte Carlo, [16] - [18]. Monte Carlo 
method of simulation is performed in discrete time in order 
to simulate the process in continuous time. When simula-
tion is performed, random events (new call, connection 
end, empty event) are generated according to the value of 
(pseudo)random number, RN1. Generated random numbers 
(RN1) have uniform distribution in the range (0,1). That’s 
why distribution of time intervals between events has geo-
metric distribution. Geometric distribution in discrete time 
has the characteristic that it is memoryless, as the negative 
exponential distribution of time, which is valid for the real 
process. It is the main reason why Monte Carlo simulation 
is credible. The first step in the simulation is to generate 
random number RN1 from the interval (0, Ae+Ai+Nt). 
Depending on the value of random number RN1, this pro-
gram simulates four event types: 
 - generation of new external call, if random number 
is 0 ≤ RN1 < Ae and the number of busy channels, j, in that 
moment is j < Nt,  
 - generation of new intra-cell call, if random number 
is in the range Ae ≤ RN1 < Ae + Ai and the number of busy 
channels is j < Nt - 1, 
 - termination of the existing connection on channel 
K, if random number is Ae + Ai + K-1 ≤ RN1 < Ae + Ai + K 
and channel K is busy, 
 - empty event, if random number is 
0 ≤ RN1 < Ae + Ai, and the number of busy channels is 
j = Nt for external call and j ≥ Nt - 1 for intra-cell call, or if 
random number is Ae + Ai + K – 1 ≤ RN1 <Ae + Ai + K and 
channel K is idle. 
We upgraded this known method by introducing gen-
eration of randomness of distance between mobile users 
and base stations. It is done by introducing two new ran-
dom number generators, RN2 and RN3. The random dis-
tance between MS and BTS (and the power of channel) in 
external connection is determined on the basis of random 
number RN2, and the random distance (and the power of 
channel) for both users in intra-cell connection is deter-
mined on the basis of random numbers RN2 and RN3. The 
generated random numbers (RN2 and RN3) have uniform 
distribution in the range (0,1). Let us suppose that the CDF 
of distance MS – BTS is designated by Fd. In order to 
obtain the values of distance, which satisfy Fd, it is neces- 
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Fig. 1. Flow chart of simulation program. 
 
sary to implement the inverse function Fd-1 on the random 
numbers RN2 and RN3, as presented in [19], section 7.2.2. 
and in [20], section 7.3.3. We consider the examples where 
users are uniformly distributed in the cell area. In our case 
of uniform distribution of MSs in the cell, Fd depends on 
the square of distance. Therefore, in simulation the random 
distance is obtained from random numbers as 
1 2d R RN   and 2 3d R RN  . 
The flow chart of the program for simulation is 
presented in Fig. 1. In the random instant we suppose that 
number of busy channels is j. 
Blocks 1 and 2 determine the generation of random 
numbers. Block 3 determines whether new external call is 
generated. Blocks 4, 5, 6 and 7 define whether new exter-
nal call can be realized and, if it can be realized, what is the 
(random) distance MS-BTS. According to the distance, it is 
determined what output power is used for this connection. 
Block 8 determines whether random number RN1 is in the 
range of generating the new internal call or in the range of 
call termination. Blocks 9-14 define whether internal call 
can be realized and, if it can be realized, what are distances 
MS1–BTS and MS2–BTS and, also, what is the output 
power in both channels. Block 15 is used to find the num-
ber of channel, which is the candidate for call termination. 
In block 16 it is determined whether the chosen channel is 
busy. If it is busy, blocks 17 and 18 present channel release 
in the case of external connection and decrease of BTS 
emission power, as one channel is released. Block 19 de-
termines whether intra-cell connection was terminated. 
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Blocks 20 and 21 present the second channel release in 
intra-cell connection and decrease of total BTS emission 
power, as the second channel used for intra-cell connection 
is released. Blocks 22 and 23 are used for the evidence of 
lost calls when external and intra-cell call, respectively, 
cannot be realized. 
The final results of the simulation (output power or 
difference of power) are considered as the results of meas-
urements and are compared to the calculated results. In our 
examples at least three simulations are performed for the 
points, where great groups of channels are tested (e. g. 
Nt = 16, or two TRX without first carrier), and five simula-
tions are performed for small groups of channels, (e. g. 
Nt = 8, or one TRX without first carrier). The number of 
realized connections in simulation was always greater than 
1000 per one traffic channel (or more than 8000 per one 
TRX), i.e. 1000 external connections for the model without 
intra-cell traffic per one traffic channel, or cca. 700 exter-
nal connections and cca. 300 intra-cell connections, if 
intra-cell traffic exists. The simulation is performed for the 
cell with intra-cell traffic and for the cell without intra-cell 
traffic. Power control is implemented for both cell types. 
The results of these simulations are mean values of output 
power in both types of cells, wBm, and wBmi. Based on the 
differences in these values of power, the calculation value 
of the difference Δ is checked (line 1 in Figs. 5 and 6). The 
final results of several simulation trials (three or five in our 
examples) are treated as the results of measurements and 
analyzed by statistical test. These tests are often presented 
in the literature. For the measurements in telephony they 
are presented in [21], section 12. Fig. 7 presents the values 
of power differences (Δ) and the 95% confidence interval 
(Student’s distribution) for the simulation results when the 
part of intra-cell traffic in total traffic is p = 0.1, 0.3, 0.5, 
0.7 and 0.9. 
The results of simulation are suitable to prove the 
mean values. Proving CDF of BTS output power is diffi-
cult. Calculating CDF of output power is very complex 
because it is based on calculation of convolution, so in 
general case CDF can be determined only by simulation.  
6. Numerical Examples 
Before presenting numerical examples of calculation 
of base station output power with PC, we shall compare the 
results of measured power from [12] with the simulated 
results. The results of measuring (normalized) output 
power of similar base stations (with the same number of 
carriers, i.e. channels) in rural and urban areas are pre-
sented in [12]. The results are presented as cumulative 
distribution function (CDF) of normalized BTS output 
power. As already stated, the BTS output power is calcu-
lated indirectly based on the traffic (“traffic to power 
translation”). Unfortunately, these base stations have no 
PC, so maximum channel power is used for each connec-
tion, Fig. 2. The base station with three carriers (3 TRX) is 
considered. As it is known, the power of all time slots of 
the first carrier (BCCH carrier) is always maximum (wmax), 
no matter they are busy or not (dummy bursts). For the 
remaining carriers maximum power is sent in the busy 
traffic channel, but if the channel is idle, no power is sent. 
The total power is easily obtained by summing the fixed 
power of the first carrier and the power of remaining chan-
nels that are seized up according to Erlang model. 
 
Fig. 2.  Symbolic presentation of time slots (channels) in the 
base station with three carriers, WPC, as in [12]. 
Offered traffic is A. Let us suppose that in the urban 
cells there is no intra-cell traffic, i.e. the traffic is pure 
external. The second cells are rural and the part of the 
offered intra-cell traffic is p, Ai = p·A, and the part of the 
offered external traffic is (1 - p), Ae = (1 - p)·A, Ai + Ae = A. 
The measurement results from [12] (CDFs of nor-
malized power) are presented in Fig. 3 for urban and rural 
base stations with three carriers (3 TRX). It is stated in [12] 
that compared distributions depend only on the fact 
whether urban or rural area is considered, not on the traffic 
value (the influence of high and low traffic is considered 
separately in [12]). 
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Fig. 3.  Results of measurements (CDFs of normalized power) 
from [12] for urban and rural base stations with three 
carriers (3 TRX). 
The results of simulation and calculation (CDFs of 
normalized power) for the model of base station with three 
carriers when γ = 3, p = 0 and p = 0.5 are presented in 
Fig. 4. It is important to note that the graphs from Fig. 4 
are smoothed, because the real CDF in this case is the 
stepped function, as the base station power takes discrete 
values, i.e. an integer multiples of wmax. 
The intention of presenting the results of measure-
ments from [12] is to try to prove the assumption that the 
power in rural BTS is greater than the power in urban BTS 
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Fig.4.  Simulation results (CDFs of normalized power) of the 
model with 3 TRX for which the results of 
measurements are presented in Fig. 3. 
due to the increased part of intra-cell traffic in total traffic. 
Comparison of Figs. 3 and 4 shows the agreement of the 
measurement results and our results of simulation for 
p = 0.5. For example, probability that instantaneous nor-
malized power in rural area is less than 0.4 of maximum 
power is 0.4 in both cases. In the case of urban area, these 
values are 0.72 for the measured results and 0.65 for the 
results of simulation. Probability that instantaneous nor-
malized power in rural area is less than 0.5 of maximum 
power is 0.77 for measured results and 0.8 for simulation 
results. In the case of urban area, these values are 0.91 for 
measured results and 0.93 for the results of simulation. 
Let us consider two cells with PC in GSM network. 
Both cells have the same number of traffic channels, Nt. PC 
is implemented on all Nt channels. Therefore, we consider 
all channels except the channels on the BCCH carrier. 
Intra-cell traffic, whose part is p in the total traffic, exists 
in one cell, and in the other one does not exist. Figs. 5 and 
6 present the percent of output BTS power increase 
Δ = 100·(wBmi - wBm)/wBm when intra-cell traffic exists 
(p = 0.3) compared to the case when intra-cell traffic does 
not exist (p = 0), as the function of the offered traffic, line 
1. Number of channels Nt is 8 (Fig. 5) and 16 (Fig. 6). 
These figures also present intra-cell traffic loss (Bi, line 2) 
and total traffic loss (Bie, line 3) as the function of offered 
traffic. Line 4 presents the loss in the same group of 
channels, but without intra-cell traffic (p = 0) to illustrate 
the influence of intra-cell traffic. 
The main characteristics of intra-cell traffic influence 
on the mean BTS output power can be noticed in Figs. 5. 
and 6. 
Intra-cell traffic increases the output power of BTS 
compared to the output power of BTS with pure external 
traffic. The influence of intra-cell traffic part (p) is pre-
sented in Fig. 7. Fig. 7 gives the increase of BTS output 
power (Δ) as the function of the part of intra-cell traffic p. 
When traffic values are small, the increase of output 
power is equal to the part of intra-cell traffic. In this situa-
tion Be ≈ 0 and Bi ≈ 0. That’s why Yi ≈ Ai, Ye ≈ Ae and Y ≈ A. 
From (4), (10), (12) and (13), it follows: 
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Fig. 5. Percentage of output power increase (Δ, line 1), intra-
cell traffic loss (Bi, line 2), mean intra-cell and external 
traffic loss (Bie, line 3) for the model of Nt = 8, p = 0.3, 
and the traffic loss in Erlang model, i.e. model without 
intra-cell traffic (B, line 4) for the model of Nt = 8, 
p = 0, as the function of offered traffic. 
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Fig. 6. Percentage of output power increase (Δ, line 1), intra-
cell traffic loss (Bi, line 2), mean intra-cell and external 
traffic loss (Bie, line 3) for the model of Nt = 16, 
p= 0.3, and the traffic loss in Erlang model, i.e. model 
without intra-cell traffic (B, line 4) for the model of 
Nt = 16, p= 0, as the function of offered traffic.  
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Fig.7.  Dependence of output power increase (Δ) on the part 
of intra-cell traffic for the group of Nt = 8 channels 
with offered traffic A = 3Erl, A = p·Ai + (1 - p)·Ae, 
calculated results (line) and 95% confidence intervals 
of simulated values for p = 0.1, 0.3, 0.5, 0.7 and 0.9. 
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When offered traffic is increased, the increase of out-
put power due to intra-cell traffic decays. This fact can be 
explained in the following way. When the offered traffic 
increases, the loss of intra-cell traffic increases more than 
the loss of external traffic. That’s why the served external 
traffic increases more than the served intra-cell traffic, and, 
so, the increase of output power is smaller. 
Let us mention that output power increase because of 
the intra-cell traffic does not depend on the kind of the 
service (speech, data). The reason is that this is the full 
availability group, for which insensitivity to holding time 
distribution is valid [22]. 
7. Conclusion 
When considering the cell with non-negligible part of 
intra-cell traffic, the main conclusion of this paper is that it 
is more correct to consider that base station output power 
in GSM network is proportional to the mean number of 
busy channels than that it is proportional to the traffic.  
In this paper it is presented that intra-cell traffic in-
creases the BTS output power. This increase is equal to the 
part of intra-cell connections for small traffic values, when 
there is no traffic loss. When traffic is increased, the intra-
cell traffic loss increases faster than external traffic loss, 
and, so, relative increase of BTS output power is less. 
Unfortunately, the great number of calls is lost in this case. 
It can be said that BTS output power increase is equal to 
the part of intra-cell traffic while traffic loss is negligible. 
The analysis is performed for uniform distribution of users 
in GSM cell, but the principles of calculation are also valid 
for other distributions. The mean output power depends on 
the signal attenuation because of propagation, but relative 
power increase because of intra-cell traffic does not depend 
on this attenuation. The similar influence of intra-cell traf-
fic on the power increase can be also noticed for the BTS 
without power adjustment, but the power values would be 
greater in that case. The calculated results are verified by 
originally upgraded simulation program, where random 
distances MS-BTS are simulated besides traffic event 
simulation. 
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